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57 ABSTRACT 
Current provided to a generally constant impedance 
load is monitored to detect a predetermined load cur 
rent decrease not resulting from normal load voltage 
fluctuations, such decrease indicating an abnormal in 
crease in load impedance. A latching alarm is actuated 
when the predetermined load current decrease is de 
tected. The degree of load current decrease tolerable 
without activating the alarm is determined by a user 
adjustable percentage-of-change sensitivity control. A 
logic gate blocks alarm functions when the load current 
decreases to an abnormally low level. The disclosed 
device can be used to monitor the status of a line voltage 
energized heat trace cable constituted by a plurality of 
parallel-connected resistance wire heating elements. 
Multiple monitoring devices can be used in conjunction 
with a master alarm which can be reset without reset 
ting the particular monitoring device alarm that trig 
gered the master alarm. 

10 Claims, 3 Drawing Figures 
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LOAD CURRENT MONITORING DEVICE FOR 
DETECTING PREDETERMINED DEGREE OF 

CHANGE IN LOAD IMPEDANCE 

BACKGROUND OF THE INVENTION 

The present invention relates in general to monitor 
ing devices for detecting abnormal conditions in a cir 
cuit consuming electrical power, and more particularly 
to a load current monitor for detecting a change in load 
current that indicates an abnormal variance in load 
impedance. 
A monitoring device in accordance with the present 

invention is especially useful for monitoring the status 

O 

of a heat trace cable constituted by a large plurality of 
parallel connected resistance wire heating elements 
physically positioned serially along the length of the 
cable. 
One or more heat trace cables are often wrapped 

around lengths of exposed chemical process piping to 
maintain the piping at a predetermined temperature. It 
is important to monitor the status of the cable in a man 
ner that will determine when one or more of the many 
parallel heating elements burns out, i.e., open circuits, 
thus raising the overall impedance of the cable, thereby 
lowering its heating ability. 

It is known in the art to utilize a current transformer 
to monitor only the load current flowing into a heat 
trace cable. Over a period of time, as individual heating 
elements in the cable burn out and fail, the overall cable 
impedance gradually rises to decrease the load current, 
the current transformer providing to associated cable 
control circuitry a signal indicating the current de 
crease. At a predetermind degree of load current de 
crease, the control circuitry indicates an "underheat 
ing' alarm condition for the monitored cable. The de 
fective cable can then be replaced with a new one, or 
other corrective action may be taken. 
The sensitivity of such a heat trace cable "current 

only' monitoring technique must necessarily be limited 
to account for load voltage fluctuations induced by 
commercially supplied line voltage used to directly 
power the heat trace cable. Commercially supplied line 
voltage often varies and fluctuates over a normal range, 
as is well known in the art. A decrease in the supplied 
voltage (commercial line voltage) will cause a decrease 
in load current for a constant impedance, non-defective, 
heat trace cable. This load voltage, fluctuation-caused 
current decrease does not indicate a cable failure (i.e., 
underheating). Thus, the sensitivity of the above 
described load current monitor is limited to avoid false 
indications of cable failure for normal load voltage 
fluctuations. 

It is desirable to provide a load current monitor for a 
heat trace cable, or other generally constant impedance 
load that disregards load current changes caused by 
fluctuations in applied load voltage, e.g., commercial 
line voltage. 

It would also be desirable to provide alarm circuitry 
working in conjunction with a plurality of current 
monitored heat trace cables, such alarm circuitry being, 
at least in part, resettable without having to correct one 
or more faulty cable of the many being monitored by 
use of the common alarm circuitry. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a device is 
provided for detecting changes in load impedance by 
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2 
detecting changes in load current that are not induced 
by fluctuations (e.g., a decrease) in the applied line 
voltage. The device includes means for sampling the 
load current and load voltage. A value indicative of the 
sampled current is compared to a preset reference value 
after the value indicative of the load current has been 
corrected, by a signal derived from the sampled volt 
age, to negate the effect on such current sample value of 
fluctuations in the applied load voltage. Thus, a prede 
termined change in the load current relative to the ref. 
erence value indicates a change in load impedance. 

In further accordance with the invention, an alarm 
circuit is provided for monitoring the status of one or 
more current monitor devices of the type noted immedi 
ately above. The alarm circuit includes at least one 
latching alarm connected to another latching alarm via 
an interconnecting circuit wherein triggering and latch 
ing of said one latching alarm causes, via the intercon 
necting circuit, the triggering and latching of the said 
another latching alarm. The interconnecting circuit 
serves to isolate and buffer the latched alarms from each 
other subsequent to their triggering to permit each 
alarm to be independently reset. A plurality of unit 
alarms can be used to trigger a single master alarm via 
the interconnecting circuit which can be constituted by 
one or more edge-triggered monostable (one-shot) cir 
cuits. 
The load current monitoring device, in conjuntion 

with the alarm circuitry, can be used to very accurately 
monitor the status of a plurality of heat trace cables 
energized by a commercial power source. Other appli 
cations of the invention are also contemplated, such as 
motor monitoring, wherein an increase in motor current 
not caused by an increase in applied motor voltage 
could be indicative, for example, of pending motor 
bearing failure, transient overloads, and the like. 
BRIEF DESCRIPTION OF THE DRAWINGS 

A fuller understanding of the invention may be had 
by referring to the following description and claims 
taken in conjunction with the accompanying drawings, 
wherein: 
FIG. 1 is a block diagram of circuitry constituting a 

preferred embodiment of the invention; 
FIG. 2 is a graphical representation of operating 

parameters of the circuitry of FIG. 1; and 
FIG. 3 is a detailed schematic diagram of a discrete 

component circuit in accordance with the block dia 
gram representation of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

With reference to FIG. 1, there is illustrated, in block 
diagram fashion, an electronic circuit comprising a de 
vice for detecting changes in load impedance by detect 
ing changes in load current that are not induced by 
fluctuations in the applied load voltage. The circuitry of 
FIG. 1 is intended for use in monitoring alternating 
current provided to a generally constant impedance 
load by a commercial power source. However, it is to 
be recognized that the present invention has applica 
tions in other environments, such as to the monitoring 
of dc current provided to a load by a dc voltage source 
(assuming appropriate input transducers), as will be 
apparent to one skilled in the art. Further, the load can 
be constituted by a pure resistive impedance, such as a 
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resistance wire formed heat trace cable, or by an impe 
dance including reactive components. 
A load current sensing transformer 10 is connected in 

circuit in series with a load to sample the amount of 
alternating load current provided to what is normally a 
generally constant impedance load, such as a heat trace 
cable. The alternating load current sample is fed to a 
precision load current sample rectifier 12 that provides 
at its output a signal indicative of the value of the load 
current, such as a dc signal proportional to the amount 
of alternating load current being provided to the load. 
A voltage transformer 20 is connected in parallel 

across the load to sample the amount of ac voltage 
being applied to the load by, for example, commercial 
power lines constituting an alternating current source. 
The sampled amount of load voltage provided by the 
voltage sensing transformer 20 is supplied to a load 
voltage sample rectifier 22 that provides at its output a 
signal indicative of the value of the load voltage, such as 
a dc signal proportional to the amount of voltage ap 
plied to the load. 
The output of load current sample rectifier 12 is, for 

example, constituted by a dc voltage signal that in 
creases negatively in direct proportion to an increase in 
current provided to the load. In similar fashion, the 
output of the load voltage sample rectifier 22 is consti 
tuted by a dc voltage signal that increases in direct 
proportion to an increase in the amount of voltage ap 
plied to the load. 
The output of the load current sample rectifier 12 is 

fed to a variable gain amplifier 14, which in turn pro 
vides, on an output line 15, a first signal indicative of the 
amount of current provided to the load, this first signal 
increasing in proportion to an increase in the amount of 
current provided to the load. 
The output of the load voltage sampler rectifier 22 is 

provided to a summing amplifier 24, which is also pro 
vided with an offset voltage 26, the offset voltage being 
of such polarity that when added to the output of load 
voltage sample rectifier 22 at nominal line voltage, there 
is provided on line 25 a second dc voltage signal that 
varies in inverse proportion to the load voltage, i.e., as 
the load voltage increases, the amplitude of the second 
dc signal on line 25 decreases (i.e., increases negatively). 
The first and second dc voltage signals on lines 15 

and 25 are algebraically added in a summer 30 to pro 
vide a third dc voltage signal on summer output line 31. 
The nature of the first, second, and third signals can be 
more readily understood with reference to FIG. 2, 
wherein the signals on lines 15, 25, and 31 are graphi 
cally illustrated. 
With reference to the top graph in FIG. 2, it can be 

Seen that for an increasing load voltage, the signal on 
line 25 of FIG. 1 decreases from a maximum value at 
Zero or minimal load voltage, to a zero value at nominal 
line voltage such as 117 volts ac commercial line volt 
age, and to a minimum value at a higher than nominal 
load voltage. Thus, the dc signal proportional to the ac 
Voltage provided to the load decreases as the load volt 
age, i.e., the applied line voltage, increases. The slope of 
the signal on line 25, as graphically illustrated, is deter 
mined by the gain of amplifier 24, rectifier 22, and trans 
former 20 (see FIG. 1). 
With further reference to the middle graph of FIG. 2, 

it can be seen that the dc signal proportional to the ac 
current provided to the load increases as the load volt 
age increases, reaching a normal value that is preset by 
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4. 
variable gain amplifier 14, for a given load, independent 
of applied line voltage, i.e., load voltage. 

Variable gain amplifier 14 (see FIG. 1) is used to 
match the slope of the load current indicative signal on 
line 15 (first signal) to the slope of the load voltage 
indicative signal (second signal) on line 25, as can be 
seen by comparing the top and middle graphs of FIG. 2 
to each other. Thus, the rate of change in the signals on 
line 25 and line 15 are identical but for their direction, 
i.e., the signal on line 25 decreases at a rate equal to the 
amount of increase in the signal on line 15. It is to be 
noted that the signals represented in FIG. 2 (top and 
middle graphs) are idealized to be exactly linear for 
purposes of illustration. It will be apparent to those 
skilled in the art that actual signals on lines 15 and 25 
may be somewhat non-linear. For example, current 
transformer 10, if of a conventional current-to-voltage 
type, will be non-linear in performance, especially at 
low load current levels. Compensation for this low 
level non-linearity will be further discussed. 
With reference to the bottom graph of FIG. 2, the 

third signal on line31 is derived by algebraically adding 
and voltage inverting the signals illustrated in the top 
and middle graphs, i.e., the signals on line 25 and line 15. 
By matching the slope of the signal on line 15 to that of 
the signal on line 25, the inverted additive summation of 
these signals will provide the generally constant value 
signal on line 31, as illustrated. Thus, the signal on line 
31 constitutes a third dc signal voltage that is propor 
tional to load impedance over a varying range of load 
voltage that will normally fluctuate by a predetermined 
degree, as is well known in the art with regard to com 
mercial line power. 
For a decrease in the amount of line voltage applied 

to the load, the current will decrease by an equal pro 
portion so as to still provide the generally constant 
signal on line 31, thus indicating that the impedance of 
the load has not changed. In other words, a decrease in 
load current was caused by a decrease in applied load 
voltage, and not by an increase in load impedance. In 
effect, the circuitry of FIG. 1 thus far discussed consti 
tutes means for defining at a selected value of load 
impedance a reference function (as illustrated in the 
bottom graph of FIG. 2) of sampled load current 
against sampled load voltage throughout a range of load 
voltages to thereby establish a reference value of cur 
rent for each value of load voltage throughout the 
range. Further, such circuitry, including summer 30, 
constitutes signal generating means for presenting two 
signals (lines 15.25-middle and top graphs of FIG. 2) 
corresponding respectively to sampled load current and 
Sampled load voltage as complementary additive signals 
Summed as a single output signal (line 31-bottom 
graph of FIG. 2). It can be seen that the summer 30 thus 
defines a reference function, the summer 30 presenting 
an output signal as a constant value throughout a range 
of load voltages at the selected value of load impedance. 

After the circuitry of FIG. 1, as so far discussed, is 
calibrated to provide the signals graphically illustrated 
in FIG. 2, the current and voltage transformers 10,20 
constitute means for continuously monitoring the load 
voltage and load current. 
With further reference to FIG. 1, the third dc voltage 

signal indicative of the load impedance is provided to a 
comparator 32 that is provided with a variable (within 
bounds) reference value 34, the comparator 32 provid 
ing a signal on an alarm trigger signal line 33 when the 
third dc voltage signal indicative of load impedance 
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varies from the preset reference value 34 by a predeter 
mined degree. 
For example, the reference value 34 is constituted by 

a dc voltage that is compared to the normally constant 
dc voltage of the signal on line 31. It can be seen that the 
signal on line 31 remains generally constant in spite of 
load voltage fluctuations until a change in load impe 
dance occurs. 
When an alarm signal is present on line 33, an indica 

tor 36 will be energized to indicate that the impedance 
of the load has varied by a predetermined degree from 
its normally constant level. The indicator 36 is also 
utilized in calibrating the subject current monitoring 
circuit to a particular load impedance, as will subse 
quently be detailed. 

In further accordance with the invention, FIG. 1 
illustrates an alarm circuit for use in conjunction with 
the foregoing elements of the load current detector 
which indicates a change in load impedance. 

Preferably, the first dc signal on line 15 indicative of 
the amount of load current is provided to a comparator 
16, which is also provided with a reference value 18, 
e.g., a fixed dc voltage. An enable line 17 constituted by 
the output of the comparator 16 functions as an alarm 
lockout, i.e., when the signal on line 15 decreases to a 
degree determined by the value of the reference 18, the 
comparator output will provide a nonenabling signal to 
preclude a signal on the alarm trigger line 33 from acti 
vating the alarm circuit to be discussed below. This 
non-enabling function is important to preclude false 
alarm triggering caused by the earlier discussed non 
linearity of the current transformer 10 at low current 
levels and to account for component variations that 
could produce false alarms at extremely low current/- 
low voltage levels. 

Preferably, the undervoltage reference 18 is set to 
ensure an alarm disabling signal on line 17 when the 
current falls to a point indicative of, for example, an 
applied line voltage, i.e., load voltage, at or below 12 
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volts ac (approximately one-tenth of nominal line volt- 40 
age). Thus, the earlier discussed circuitry would oper 
ate over a load voltage range of from 12 volts ac to, for 
example, 130 or 150 volts ac (a high line voltage condi 
tion). 
The alarm circuitry of FIG. 1 includes a logic gate 40 

configured as an AND gate having two inputs, one 
input provided with a trigger signal on line 33 and the 
other input provided with a normally enabling signal on 
line 17. The output of the AND gate 40 is provided to 
latch a unit latch alarm 42 when comparator 32 
switches states, thus indicating that the load impedance 
has deviated by an amount determined by the reference 
value 34. The unit latch alarm 42, once triggered, will 
hold an alarm condition as long as fault conditions pre 
vail, and in turn actuate a unit alarm indicator 43 consti 
tuted, for example, by a relay for controlling an alarm 
means such as a buzzer or light and/or a load discon 
necting means, such as a circut breaker. 

In addition to providing an activating signal to the 
alarm indicator 43, the unit latch alarm 42, when 
latched, provides a signal to an edge triggered logic 
circuit 45 that drives a master latching alarm 48, which 
in turn drives a master alarm indicator 49, such as a 
relay for controlling a signal light, buzzer, circuit 
breaker, or the like. The edge-triggered logic circuit 45 
constitutes an interconnecting circuit between the unit 
latch alarm 42 and the master latch alarm 48. As will 
hereinafter be illustrated in greater detail, a plurality of 
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6 
load monitoring devices as discussed earlier, each hav 
ing a unit latch alarm 42, are connected by the intercon 
necting circuit 45 to the master latch alarm 48. The 
interconnecting circuit 45 constitutes means for isolat 
ing and buffering the unit latched alarms from each 
other and from the master latch alarms 48 so that each 
can be reset independently from a latched to an un 
latched condition. Thus, if the load monitored by trans 
formers 10,20 changes in terms of its impedance, the 
unit latch alarm illustrated as block 42 in FIG. 1 will trip 
the master latch alarm 48. However, because of the 
buffering and isolating effect of interconnecting circuit 
45, the master latch alarm 48 can be reset, while the 
tripped unit latch alarm remains in a latched condition, 
thus indicating that the load being monitored by it con 
tinues to be in an abnormal impedance condition. Since 
the master latch alarm 48 has been reset, it can continue 
to function so as to monitor the remaining unit latch 
alarms. Thus, the alarm circuitry illustrated in FIG. 1 
can be used in conjunction with a plurality of loads each 
being monitored by a current detecting means of the 
type discussed earlier. 
A more detailed illustration of preferred circuitry for 

accomplishing the functions discussed with regard to 
the block diagram of FIG. 1 and the graphs of FIG. 2 is 
illustrated in detailed schematic fashion in FIG. 3 as a 
discrete component circuit powered by a conventional 
bipolar dc supply. 
As noted earlier, the load current monitoring device, 

in conjunction with the earlier-discussed alarm cir 
cuitry, is particularly useful for monitoring the status of 
a conventional heat trace cable 50 comprised of a pair of 
parallel conductors 52, 54 that extend the full length of 
the cable. Connected in parallel across the conductors 
52, 54 are a large plurality of resistance wire heating 
elements 56, the parallel-connected elements 56 being 
serially positioned along the length of the heating cable. 
It is desirable to determine when a predetermined num 
ber or percentage of the heating elements 56 burn out or 
open circuit, wherein the ability of the cable 50 to gen 
erate heat is decreased. 
As illustrated in FIG. 3, the heat trace cable 50 is 

energized by an accommercial power (e.g., 117, 208 or 
230 Vac) source. The amount of line voltage, i.e., the 
load voltage applied to the generally constant impe 
dance load constituted by the cable 50, is sensed by the 
load voltage sensing transformer 20, which includes a 
primary winding 20a connected in parallel across the 
load, and an isolated voltage reducing secondary wind 
ing 20b providing a load voltage sample. While the 
primary winding 20a is connected in parallel across the 
heat trace cable 50, the primary winding 10a of a cur 
rent-tovoltage transformer, constituting the load cur 
rent sensing transformer 10, is connected in series with 
the load as illustrated so as to sense the amount of load 
current provided to the heat trace cable 50. The load 
current flowing through the primary winding 10a 
causes an induced voltage in the isolated secondary 
winding 10b of the transformer 10, the secondary wind 
ing 10b being loaded by a resistor 60 so as to provide an 
alternating current-induced voltage constituting a load 
current sample, the voltage across resistor 60 being 
proportional to the current through the heat trace cable 
50. 
The signal voltage across the resistor 60 is provided 

by a resistor 62 to the inverting input of an operational 
amplifier 66 conventionally configured as an integrat 
ing, half-wave, precision rectifier. An integrating feed 
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back capacitor 68 is connected between the inverting 
input of operational amplifier 66 and its output via a first 
rectifying diode 69 that works in conjunction with a 
second rectifying diode 67 to provide the half-wave 
rectifying function of the operational amplifier 66. The 5 
resistor 62 and another resistor 64, connected in parallel 
with the integrating capacitor 68, constitute gain setting 
means for the operational amplifier 66, which has its 
non-inverting input tied to ground or neutral via an 
appropriate compensating resistor 65. O 
The output voltage of the operational amplifier 66 

constitutes the output of the precision load current 
sample rectifier 12 discussed earlier with regard to FIG. 
1. Such output voltage is provided via a series resistor 
72 to the inverting input of an operational amplifier 70 15 
constituting the primary component of the variable gain 
amplifier 14 discussed earlier with regard to FIG. 1. 
The gain of the operational amplifier 70 is determined 
by the associated gain setting resistors comprised of 
series resistor 72 and resistors 73 and 74 connected in 20 
series across the inverting input and output of opera 
tional amplifier 70. Resistor 74 is adjustable to provide 
means for matching the slope of the current function 
illustrated in the middle graph of FIG. 2 to that of the 
voltage function illustrated in the top graph of FIG. 2. 25 
The non-inverting input of operational amplifier 70 is 
tied to ground in a conventional fashion by compensat 
ing resistor 75. The output of operational amplifier 70 is 
provided to line 15 via a current summing resistor 76. 
Thus, the voltage on line 15 is directly proportional 30 

to the amount of load current provided to the heat trace 
cable 50 constituting a generally constant impedance 
load. In other words, the voltage on line 15 as illustrated 
in FIG. 3 (also see FIG. 1), will increase in proportion 
to an increase in the load current in heat trace cable 50, 35 
the rate of increase being determined by the gain setting 
(adjustment of resistor 74) of operational amplifier 70. 
The output of operational amplifier 70 is also fed 

directly to the non-inverting input of an operational 
amplifier 120 constituting the primary component of the 40 
undervoltage comparator 16 discussed with regard to 
FIG. 1. The operational amplifier 120 is configured as a 
voltage comparator. A reference voltage is supplied to 
the operational amplifier's inverting input by the inter 
connection junction of a series-connected resistor 122 45 
and the forward biased diode 124. As noted earlier with 
regard to FIG. 1, the operational amplifier 120 will 
develop an alarm lockout signal on line 17 unless the 
load current-indicative dc voltage at its non-inverting 
input is greater than the reference voltage supplied at its 50 
inverting input. 
With reference to the secondary winding 20b of the 

load voltage sensing transformer 20, the induced volt 
age in the secondary winding 20b is rectified by a half 
wave rectifying diode 80, and is then voltage divided 55 
and filtered by a conventional network of resistors 82, 
84 and capacitor 83, as illustrated. These noted compo 
nents constitute the voltage sample rectifier 22 as illus 
trated and discussed earlier with reference to FIG. 1. 
The rectified dc voltage across resistor 84 is directly 60 

proportional to the load voltage, i.e., for an increase in 
the amount of load voltage across cable 50 a propor 
tional increase in the voltage across resistor 84 will 
occur, this voltage being fed via summing resistor 88 to 
the inverting input of an operational amplifier 90, which 65 
is conventionally configured as an integrating, inverting 
summing amplifier. The offset voltage value 26 dis 
cussed with respect to FIG. 1 is provided by a voltage 

8 
divider network comprised of two resistors 85, 86, the 
voltage at their interconnection junction being fed to 
the inverting input of operational amplifier 90 via sum 
ming resistor 87. The integration effect of the opera 
tional amplifier 90 is provided by a conventional feed 
back capacitor 91 connected between the output of the 
operational amplifier 90 and its inverting input, as illus 
trated, with resistors 87, 88, and a third resistor 89 (con 
nected in parallel with capacitor 91) functioning in a 
known manner to set the gain of the operational ampli 
fier 90. In a conventional fashion, its non-inverting input 
is tied to ground via a compensating resistor 92. 
The offset voltage provided via resistor 87 is summed 

with the voltage provided via resistor 88 so as to pro 
vide at the output of operational amplifier 90 the inverse 
dc signal proportional to the ac load voltage, as illus 
trated in the top graph of FIG. 2, as discussed earlier. 
This voltage on line 25 is provided, via a summing resis 
tor 93, with the load current indicative signal on line 15, 
to a summing junction at the inverting input of an oper 
ational amplifier 95 configured as an integrating, invert 
ing amplifier with a gain of unity. The gain of the opera 
tional amplifier 95 is determined by resistors 76 and 93 
in conjunction with resistor 97. A conventional feed 
back integrating capacitor 96 functions with the opera 
tional amplifier 90 to provide, under normal conditions, 
a generally constant dc signal on line 31, as illustrated in 
the bottom graph of FIG. 2. 
The operational amplifier 95 and its associated com 

ponents serve as the summer 30 to algebraically add the 
first dc signal proportional to the accurrent (line 15) 
and the second dc signal inversely proportional to the 
ac voltage (line 25). It can be seen that for a constant 
impedance in the load constituted by the heat trace 
cable 50, the dc voltage on line 31 will remain constant 
over a range of load voltages determined by the degree 
of fluctuation in the line voltage of the 117 Vac com 
mercial supply. 
This dc voltage on line 31 is provided via a resistor 

102 to the non-inverting input of another operational 
amplifier 100, constituting the primary component of 
comparator 32 discussed earlier with regard to FIGS. 1 
and 2. The operational amplifier 100 is configured as a 
voltage comparator with hysteresis to preclude oscilla 
tion when the voltages at the inputs of operational am 
plifier 100 are nearly identical. Thus, when the voltages 
at the inputs of operational amplifier 100 are close 
enough to cause a switchover at the operational ampli 
fier output, the operational amplifier 100 will, in effect, 
latch at a switched condition until the voltage differ 
ence at the inputs of the operational amplifier 100 ex 
ceed that permitted by the hysteresis band. 
The inverting input of the operational amplifier 100 is 

connected via a resistor 108 to a voltage divider consti 
tuted by series-connected resistors 105, 106, and 107. 
Resistor 106 is a potentiometer-type, variable resistor 
that is adjustable to vary the amount of voltage applied 
to the inverting input of operational amplifier 100. It is 
the voltage provided via resistor 108 that constitutes the 
variable reference 34 illustrated and discussed with 
regard to FIG. 1. When the voltage at the non-inverting 
input of operational amplifier 100 increases above the 
reference voltage at its inverting input, a change of state 
will occur at the output of amplifier 100, thus providing 
a trigger signal on line 33 to the alarm circuitry, which 
will be discussed subsequently. The hysteresis band of 
the amplifier 100 is set by resistors 102 and 104. A 
change in the output State of the operational amplifier 
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100 is indicated by a light-emitting diode 110 connected 
in series with the current-limiting resistor 112 to the 
output of operational amplifier 100, the resistor 112 and 
light-emitting diode 110 constituting the indicator 36, 
discussed earlier with regard to FIG. 1. 
When a predetermined number of heat trace cable 

heating elements 56 burn out, the impedance of the 
cable will increase to provide a decrease in load current 
that is not caused by a decrease in load voltage. Thus, 
the generally constant dc signal on line 31 will increase 
so as to trigger an alarm circuit via line 33, the predeter 
mined degree of current decrease tolerable being deter 
mined by the adjustment of the potentiometer 106, 
which is user-adjustable and scaled in percentage of 
change (such as 0 to 20%) relative to the initial nominal 
current value (see FIG. 2). 

Thus, the operational amplifier 100 and its related 
component constitute means for comparing at any sam 
pled load voltage within a range of load voltages the 
present value of the load current then sampled with the 
reference value called for by the defined function (see 
bottom graph of FIG. 2). Any difference signified by 
the comparison thus indicates a change in load impe 
dance. In effect, the reference input at the inverting 
input of operational amplifier 100 constitutes a constant 
value defined function against which is compared the 
present value of the output signal from operational 
amplifier 90. 
The initial setup of the circuitry so far disclosed will 

now be discussed. For operational setup, the sensitivity 
controlled variable resistor 106 is set to establish the 
most negative voltage reference level (e.g., -6.24 Vdc 
where -0.24 Vdc equals the hysteresis band voltage 
and -6 Vdc is the nominal amplitude) at the inverting 
input of operational amplifier 100. With the monitored 
load attached and energized, i.e., heat trace cable 50 
energized, the current gain control constituted by vari 
able resistor 74 is advanced (e.g., non-inverting input set 
just slightly more negative than - 6.24 Vdc) until the 
output of operational amplifier 100 changes states, as 
evidenced by lighting of the light-emitting diode 110. 
The slope matching resistor 74 is then adjusted to de 
crease its resistance value to a point wherein the light 
emitting diode 110 just extinguishes, thus indicating that 
the slopes of the top and middle graphs of FIG. 2 are 
matched, as discussed earlier. This setup technique au 
tomatically nulls all off-set errors and allows a highly 
sensitive balancing of the detecting circuitry. The sensi 
tivity control potentiometer 106 (now set for 0% cur 
rent change sensitivity) is then advanced to the desired 
percentage of change indication in load current from 
nominal that will cause a triggering at the output of 
operational amplifier 100. For example, the potentiome 
ter 106 would be set at 10% to cause a tripping of the 
alarm when the load current decreases by 10% from its 
nominal value at nominal line voltage. 
The alarm circuitry illustrated in the lower portion of 

FIG. 3 will now be discussed. With the load current 
above a predetermined level, as required by operational 
amplifier 120 functioning as comparator 16, and with 
operational amplifier 100 indicating a decreased current 
condition indicative of a predetermined increase in load 
impedance, i.e., a predetermined decrease in the heating 
capability of the cable 50, the inputs to an AND gate 
130 (constituting logic gate 40) will both be at a high 
logic level 1 (AND gate input on line 33 being provided 
via an inverter 33a to provide required logic level 1 
state) to provide an output to a two-input OR gate 
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10 
having its other input tied to ground via a resistor 134. 
The input of the OR gate tied to resistor 134 can be 
directly tied to the positive voltage of the bipolar power 
supply via a push button 136, constituting a push-to-test 
button. 
With the AND gate 130 providing a high state logic 

level trigger signal to the OR gate 132, the OR gate will 
output, via a timed delay resistor 138 functioning with 
the timed delay capacitor 139, a trigger signal to the 
trigger input 140 of the unit latching alarm 42 consti 
tuted, as illustrated, by a pair of conventionally cross 
coupled NOR gates forming a set-reset latch. A reset 
input 142 of the unit latching alarm 42 is tied to ground 
via a resistor 145, the reset input 142 being connected to 
the positive voltage of the bipolar power supply when 
the reset push button 143 is depressed. An alarm state 
output 144 for the unit latching alarm 42 is provided via 
an inverter 148 (having its output connected to ground 
via a capacitor 149 that reduces line reflections, i.e. a 
despiking capacitor) to a unit alarm indicator 43 via a 
current limiting resistor 150. The resistor 150 provides 
the drive signal to the base of a transistor 152 for ener 
gizing a relay winding 154 controlling relay contacts 
156, the relay winding 154 being paralleled by a conven 
tional freewheeling snubber diode 158. 

It is to be noted that, contrary to convention, the 
output on line 144 is constituted by the output of the 
NOR gate having trigger input 140, this feature advan 
tageously precluding alarm toggling (during reset) that 
would occur if the output to alarm indicator 43 were 
constituted by the output of the other NOR gate in 
accordance with normal convention for cross-coupled 
NOR gate pairs. 

It can be seen that when the unit alarm 42 is latched, 
i.e., when it is triggered at its input 140 by a signal on 
line 33 caused by the changing state of operational am 
plifier 100 or by depressing push-to-test button 136, the 
transistor 152 will be turned on to change the state of 
the contacts 156 to activate an acoustical alarm, such as 
a buzzer or a lighting means or other alarm means. 

In further accordance with the invention, the unit 
latching alarm 42 can be connected to a master latching 
alarm 48, also constituted by a pair of crosscoupled 
NOR gates, as illustrated. Such alarms are intercon 
nected via the interconnecting circuit 45, which, for 
example, is comprised of one or more edge-triggered, 
monostable (one-shot) multivibrator circuits 162, the 
number of monostable circuits depending on the num 
ber of heat trace cables and current monitoring devices 
being utilized. 
The master latching alarm 48 includes a triggered 

input 168, a reset input 176, and an alarm state output 
180. The reset input 176 is normally tied to ground via 
a resistor 177. The reset push button 175, when de 
pressed, will connect the reset input 176 of the master 
latching alarm 48 to positive voltage of the bipolar 
Supply. 
When the unit alarm 42 latches, a positive-going sig 

nal change occurs on a monostable circuit input trigger 
line 160, the monostable circuit 162 changing states to 
provide, via an OR gate 166, a trigger input to the mas 
ter alarm 48. The master alarm output 180 will in turn 
provide, via current-limiting resistor 181, a drive signal 
to the master alarm indicator 49, including components 
generally identical to the unit alarm 43, as discussed 
above. 

In addition to the reset push button 175, the master 
alarm 48 is also affected by a push-to-test push button 
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170 connected to one of the inputs of the OR gate 166, 
which is normally tied to ground via resistor 172. 

Testing of the alarm circuitry will now be discussed. 
It can be seen that when test push button 136 is de 
pressed, a signal will be provided to trip the unit latch 
ing alarm 42 and latch it in a condition which will con 
tinuously drive the transistor 152 into saturation. Simul 
taneously with the tripping of the unit latch 42, the 
master latching alarm 48 will be tripped via its associ 
ated monostable circuit. 162 having its input 160 con 
nected to the output of the unit output line 144 of the 
unit latching alarm 42 via the inverter 148. It is to be 
noted that the master alarm 48 could also be tripped for 
testing independent of the unit latching alarm 42 by 
depressing the test push button 175. To reset the master 
alarm, push button 175 is depressed. Since the monosta 
ble circuit 162 is positive edgetriggered, it will effec 
tively isolate the master alarm from retriggering by the 
still-latched unit latching alarm 42. Thus, the monosta 
ble circuit 162 only changes states in response to the 
unit latching alarm 42 changing from an unlatched to a 
latched condition. For a continuous triggering signal on 
line 33, the unit latching alarm 42 will remain latched, 
while the master latching alarm 48 can be reset so as to 
monitor other heat trace cables which have not experi 
enced an undercurrent condition 
When the heat treat cable associated with the illus 

trated unit latching alarm 42 is replaced or repaired (or 
current sensitivity is readjusted), the signal on line 33 
will reverse to a non-triggering condition, thus allowing 
a reset of the unit latching alarm 42 by depression of the 
reset push button 143. 

It can be seen that a plurality of unit latching alarms 
(such as 42) are connected to a like plurality of edge 
triggered monostable circuits 162, each monostable 
circuit providing a change-of-state-indicating output 
only when its associated unit latching alarm changes 
from an unlatched to a latched condition. 
The trigger input 168 of the master alarm, being con 

nected to the output of each of the monostable circuit 
outputs, can thus function to monitor multiple heat 
trace cable undercurrent detecting units while still 
maintaining the capability to be independently reset in 
spite of a latched condition in one of the unit latch 
alarms. 

It is to be noted that while the circuitry illustrated in 
FIG. 3 is set up to detect a predetermined decrease in 
load current indicative of an increase in load impe 
dance, appropriate circuit modifications could easily be 
made to detect a predetermined increase in load current 
caused by a decrease in load impedance, or to detect 
both increase and decreases in load impedance relative 
to a single reference value. Such a feature is clearly 
within the scope of the present invention. It is also again 
noted that the illustrated circuitry could be used to 
sense dc load currents and voltages, whereby numerous 
components (such as transformers 10, 20 and rectifiers 
12, 22) in the circuitry of FIG. 3 could be deleted. 

It should also be evident that this disclosure is by way 
of example and that various changes may be made by 
adding, modifying, or eliminating details without de 
parting from the fair scope of the teaching contained in 
this disclosure. The invention is therefore not limited to 
particular details of this disclosure except to the extent 
that the following claims are necessarily so limited. 
What is claimed is: 
1. A device for detecting changes in load impedance 

by detecting changes in load current that are not in 
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12 
duced by fluctuations in the applied load voltage com 
prising: 
means for monitoring the current provided to the 

load, said current monitoring means providing a dc 
voltage signal having an amplitude proportional to 
the amount of load current; 

means for monitoring the voltage applied to the load, 
said voltage monitoring means providing another 
dc voltage signal having an amplitude proportional 
to the amount of load voltage; and 

means responsive to said dc signals, said responsive 
means comparing a value indicative of the moni 
tored current to a preset reference value, the said 
value indicative of the monitored current being 
corrected prior to said comparing by means of a 
correction signal derived from the monitored volt 
age to negate the effect on the value indicative of 
monitored current of fluctuations in the load volt 
age, the said responsive means indicating a prede 
termined change in load current relative to said 
reference value resulting solely from a predeter 
mined change in load impedance. 

2. A device for detecting changes in load impedance 
by detecting changes in load current that are not in 
duced by fluctuations in the applied load voltage com 
prising: 
means for monitoring the current provided to the 

load, said current monitoring means providing a dic 
voltage signal having an amplitude proportional to 
the amount of load current; 

means for monitoring the voltage applied to the load, 
said voltage monitoring means providing another 
dc voltage signal having an amplitude porportional 
to the amount of load voltage; 

means for defining at a selected desired value of load 
impedance a reference function of monitored load 
current against monitored load voltage throughout 
a range of load voltages to thereby establish a refer 
ence value of current for each value of load voltage 
throughout said range; and 

means for comparing at any value of monitored load 
voltage within said range the present value of the 
load current then nonitored with the reference 
value called for by said defined function, whereby 
any difference indicated by said comparison signi 
fies a change in load current independent of load 
voltage fluctuations, and therefore signifies a 
change in load impedance. 

3. A device according to claim 2, wherein said moni 
toring means is arranged to present said dc signals cor 
responding respectively to monitored load current and 
monitored load voltage as complementary additive 
signals summed as a single output signal, said means for 
defining a reference function including means to present 
said output signal as a constant value throughout said 
range of load voltages at said selected desired value of 
load impedance, said means for comparing being ar 
ranged to compare the present value of said output 
signal with said constant value whereby a difference in 
said values corresponds to a change in load impedance. 

4. A device for detecting changes in a generally con 
stant load impedance by detecting changes in load cur 
rent that are not induced by fluctuations in the applied 
load voltage, comprising: 
means for generating a first dc voltage signal whose 

value is indicative of the amount of current pro 
vided to the load; 
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means for generating a second dc voltage signal 
whose value is indicative of the amount of voltage 
applied to the load, one of said signals increasing at 
a rate generally equal to the rate of decrease in the 
other of said signals when said impedance is gener 
ally constant and said load voltage fluctuates; 

means for algebraically sunning the first and second 
signals, the summing means providing a generally 
constant value third dc voltage signal proportional 
to the generally constant load impedance; and 

means responsive to the third signal for indicating 
that the third signal value has deviated to a prede 
termined degree from its normally constant value, 
thus indicating an abnormal fluctuation in the gen 
erally constant load impedance. 

5. A device according to claim 4, including a compar 
ator means provided with said third signal and a user 
adjustable constant value reference signal, said compar 
ator means providing an output signal when the said 
third signal deviates by a predetermined percentage of 
change from the reference signal. 

6. A device according to claim 4, including an alarm 
means triggered by said means responsive to the third 
signal. 

7. A device according to claim 4, wherein the value 
of the first signal is proportional to the load current and 
wherein the value of the second signal is proportional to 
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14 
the load voltage throughout a range of load voltage 
fluctuations. 

8. A device according to claim 4, wherein said load 
current is alternating and said source is an alternating 
current providing voltage source, said first dc voltage 
signal increasing in proportion to an increasing load 
current, said second dc voltage signal decreasing in 
proportion to an increasing load voltage, the rate of said 
dc voltage increase and said dc voltage decrease being 
approximately equal. 

9. A device according to claim 8, including isolation 
transformer means for monitoring said load voltage, 
means connected to the isolation transformer means for 
rectifying a voltage indicative of a portion of the load 
voltage to provide a dc voltage increasing in proportion 
to an increase in load voltage, and summation means 
provided with the said dc voltage and an offset voltage 
of predetermined value, the summation means adding 
the said dc voltage and the offset voltage to provide 
said second dc voltage signal constituted by a dc volt 
age that decreases in proportion to an increase in load 
voltage. 

10. A device according to claim 8, including isolation 
transformer means for monitoring said load current, and 
means connected to the isolation transformer means for 
rectifying a voltage indicative of a portion of the load 
current to provide said first dc voltage signal consti 
tuted by a dc voltage increasing in proportion to an 
increase in load current. 
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